Pulse oximetry is becoming popular for measuring oxygen saturation of haemoglobin in paediatric patients. There are no reference values for children living at high altitudes, and the aim of this study was to determine the values of oxygen saturation of haemoglobin in healthy children in Bogota (2640 m above sea level).
Pulse oximetry is a method for continuous monitoring of the oxygen saturation of haemoglobin. The studies of validation of this method performed to date in paediatric patients have compared the results of the oxygen saturation of haemoglobin with the oxyhemoglobin saturation of arterial blood (Sao2) and with the transcutaneous pressure of oxygen. These reports have shown correlation coefficient values between 0-86 and 0-99, and mean differences between oxygen saturation of haemoglobin and Sao2 in the range from +0-2% to +2-9%.'-7 All these studies confirm a strong correlation between the oxygen saturation of haemoglobin and other techniques of measuring the Sao2. One additional study, which included subjects with severe hypoxaemia, suggests that pulse oximetry can be less precise when oxygen saturation of haemoglobin is below 65%. 8 Pulse oximetry has been reliable for monitoring purposes in subjects of all ages during anaesthesia and in intensive care units, providing accurate data.' 9 10 To our knowledge there are no previous reports of reference values To determine the oxygen saturation of haemoglobin an adhesive sensor was placed on the index finger on the hand of the subject. The oximeter was set on normal mode. A measurement was considered successful when the oximeter displayed the subject's cardiac rate, which requires a reading by the machine of at least 10 seconds. The oximeter pulse amplitude indicator displayed on the screen was compared with the simultaneous measurement of the radial pulse obtained by palpation in the other hand to be sure that signals were coincident. If the sensor was not able to track the pulse during the measurement period due to excessive patient motion, no saturation reading was obtained and a check sensor signal was displayed. In these cases the measurement was repeated until the oxygen saturation of haemoglobin was obtained. who were between 13 and 18 months of age (92-6% and 93-7%, respectively; p<005, one way analysis of variance). Table 3 presents the distribution depending on the physiological state of the child when conducting the measurements, as well as the mean value for oxygen saturation ofhaemoglobin in each group. Most of the readings were done with the subject alert and resting. A few measurements were obtained with the child crying, sleeping, or sucking. The mean value of the oxygen saturation of haemoglobin in the group of children sleeping was slightly lower (91-1% and between 93-3% and 93-5% for sleeping and other states, respectively). This difference was statistically significant (p<005, one way anaysis of variance).
Discussion
Up to the present two published studies have evaluated the values of the oxygen saturation of haemoglobin in both preterm and term healthy newborns, as well as in infants up to 6 months of age. 12 13 These two studies were conducted in the Hospital for Sick Children in Toronto, Canada, a city that is less than 100 m above sea level. As individuals living at high altitude are in a hypobaric state, their normal oxygen tension and Sao2 values may be different to those from individuals who live at lower altitudes. 4 To date, there have been no reports of reference values for oxygen saturation in haemoglobin in the paediatric population living at high altitude. These reference values will be helpful both in clinical practice and in research. As was expected by the lower barometric pressure of Bogota, the mean value for the oxygen saturation of haemoglobin obtained in our study is below that reported in healthy children in Toronto (93-3% and 96-4% respectively).'2 The lowest value observed in our sample was 84% and was obtained from a sleeping 2 month old infant. The highest value was 100% observed in a 10 month old crying child. It is not likely that these extreme readings were due to an oximeter dysfunction, because these data were confirmed on three different readings. These extreme values are uncommon in healthy children residing in Bogota.
As the main goal of our study was to obtain the values for oxygen saturation of haemoglobin on healthy children, it was necessary to select the study subjects carefully. The criteria used to select the sample were rigorous. None of the children included suffered from serious diseases, particularly acute or chronic cardiopulmonary illnesses. The data presented in table 1 show that an adequate representation of both sexes and of all ages in the two first years of life was achieved. The 95% CI for the mean values obtained were 93 0% to 93-6%.
The mean value for the oxygen saturation of haemoglobin observed in children aged less than 1 month (92 6%) was statistically different from that in children between 13 and 18 months of age (93 7%). Whether this small difference is clinically important remains to be clarified. The reason for the observed difference is not clear. Although we did not measure the proportion of fetal haemoglobin in any of the study subjects, the higher content expected in younger infants does not explain it, because the deviation to the left of the fetal haemoglobin saturation curve may produce higher oxygen saturation readings for fetal haemoglobin than for adult haemoglobin for a given Pao2,6 and the difference observed by us was the opposite. Most authors agree that pulse oximetry provides reliable results even in presence of high concentrations of fetal haemoglobin.' 3 15 16 The studies conducted by Mok et al demonstrated that the normal oxygen saturation of haemoglobin can be lower during feeding and active sleep when compared with the results obtained in the same children during rest or quiet sleep.'2 13 For this reason we tried to obtain the saturation values with the children at rest. This was possible for the great majority of our subjects (79A4%). Even though it was not the main goal of the study, our data also suggest that the readings obtained during sleep are lower than during other physiological states. However, these results must be interpreted with caution, because the number of individuals sleeping during the measurement was small (eight), and the very low saturation observed in one of them (84%) would affect the mean value for this group. When the analysis was repeated without this very low reading, the mean oxygen saturation of haemoglobin in the group of children sleeping was lower than that observed in the other physiological states (92-1%), but was no longer significant. The practical effects of the various values found among children sleeping and awake (91 2% and between 93-3% and 93-5%, respectively) are probably small.
The validity of readings of the oxygen saturation of haemoglobin obtained in the 15 crying children deserves further discussion because of the possibility of error due to movement artifacts. 17 Several measurements were repeated because of signals indicating movement before obtaining the saturation figures. Obtaining saturation values with the N1O oximeter means that there is no interference with the measurement (even if the subject is crying). We included those values in order to make the results applicable to children who cry during the measurement. Although only 7 9% of our subjects were crying, the proportion of 'unsuccessful measurements' due to crying, restlessness, fear of the probe, lack of cooperation, and movement reported by other authors may be as high as 13% and 9% for infants aged less than 10 months between 1 and 6 years, respectively. 18 
CONCLUSIONS
We believe that the population of our study was representative of the population of healthy children of the city of Bogota and of other Latin American cities located at similar altitudes. We hope that the results of our study can be used with additional reference values for the interpretation of the readings for. oxygen saturation of haemoglobin at high altitude.
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